Objective: To explore the change of muscular and biomechanical responses in different load stability and visual access conditions during asymmetric lifting tasks.
away from work. Thus, work-related low back disorders are still prevalent and require more research to develop effective interventions. Based on epidemiological studies, low back injury has been associated with various manual material handling tasks, especially lifting tasks (Andersson, 1997) . For lifting tasks, many studies have investigated the contribution of the magnitude of the load, the effects of reaching with the load, the repetition, the asymmetry of the lifting task, and the repetitive nature of the work (Andersson, 1997 ). In addition, epidemiology studies have also found that sudden loading events were associated with the onset of low back injuries (Magora, 1973; Andersson, 1981) . Sudden loading events, which are loading events that occur quickly and possibly without warning, can happen in a variety of ways in the workplace. For example, nurses and physical therapists are exposed to the risk of back injury in patient handling where patients shift or start to fall and sudden maximal exertions were made in response (Owen, 1984 & Molumphy, 1985 . Other sudden loading scenarios could exist when handling airplane passengers' baggage, products with deficient packaging materials, when objects stick to one another, or when handling products where the contents can shift within the packaging. Alternatively, when the timing of a sudden loading event cannot be accurately predicted, for example with the absence of visual cue signaling the onset of the sudden loading, there could be significantly higher forces in the trunk musculature (Marras et al. 1987 ). Marras et al. (1987) found that when subjects had no visual or auditory cues indicating when a load would drop into a container held in the hands, normalized electromyographic signals indicative of muscle force were about 2.5 times larger than when subjects had visual cues indicating the timing of the loading event. Lavender et al. (1989) , using a similar approach of a weight dropping into a box, found that the magnitude of the trunk muscle activity was directly affected by the amount of warning/preview time.
Sudden loading can occur as people handle materials within which loads can shift. As the center of mass shifts during lifting, the lifter's body tries to compensate for the load shifting perturbation, which in turn affects the biomechanical loads experienced during the lifting task. This may partially explain why workers who handle beverage containers were found to have a higher incidence rate of low back injury compared to other jobs that involves frequent lifting (McGlothlin, 1996) . In a laboratory-based biomechanical study, Pinto (2013) showed that, relative to a stable load, when subjects were asked to transfer a container of water at hip level from left to right, the liquid load significantly increased muscle activity in the erector spinae and external oblique muscles as the load crossed the middle of the body and was moved to the target destination.
Others have shown that a lifter's muscle activity and range of motion could be affected by the shifting of a solid mass within the lifted container. For example, Lee et al. (2002a) carried out a study by having an iron cylinder in a wooden box which could generate a sudden load when the cylinder shifted in posterior-anterior direction inside the box. These authors found that load shifting increased the total lifting time, linear length of the center of pressure, as well as the relevant muscular contraction levels (Lee, 2002a) .
Also, the impact caused by load shifting could trigger larger peak exertions during the lifting task as evidenced by Lee's (2002b) 
Methods

Participants
Fourteen subjects, eight male and six female (Height: 178±3.1cm, Weight:
168±8.8lbs. Age: 21.8±0.9) participated in the study. Exclusion criteria included significant back, leg, neck or shoulder pain in the past 12 months, back surgery or limiting clinical conditions, or pregnancy. None of the participants did intensive physical activity 24 hours before participating in the study and none of the participants was currently working in any occupation that requires heavy material handling. All participants signed a consent form that had been approved by the University's office of responsible research practices.
Experimental Design
In this study, participants lifted a box from a position directly in front of the body to a location at approximately elbow height on the participant's left side (90 degrees of asymmetry). There were two primary independent variables in this study: (1) the stability of the load in the box and (2) visual information the lifter had about the stability of the load. The three levels of load stability were manipulated by (1) placing a stable load in the box, (2) placing containers of liquid that could shift as the box was lifted, (3) placing an unstable solid mass (a bowling ball) positioned in the center of the box in a small holder, depending upon how the box was moved, the load may or may not have shifted during box movement. This latter condition was then subdivided in the analysis into two conditions: one where the ball moved and one where the ball did not move. The visual access was controlled by having a cover over the wooden box that prevented the participant from seeing the contents of the box.
The dependent measures were comprised of spine kinematic and kinetic measures (the moments at the base of the spine), electromyographic measures, lifting duration, and the frequency of load shifting occurrences (when handling the boxes with the bowling ball). Specifically, the kinematic measures provided the spine movements, T1 relative to L5/S1, in the three cardinal planes: (1) forward flexion, (2) lateral bending and (3) twisting. Likewise, the three dimensional moments acting on the spine at L5/S1 were obtained relative to these three planes of motion. 
Apparatus
Spinal movements and moments, in all three dimensions, were collected using a magnetic motion capture system (Motion Monitor by Innsport, Chicago, IL, USA). The participant stood on two force platforms that measured the ground reaction forces during the lifting tasks. Electromyographic (EMG) data were obtained using a wireless surface An accelerometer on the box was used to capture when the lift was initiated and whether the ball shifted inside of the box during the lifting task. A force scale was used to capture when the lifting task was completed.
Procedures
After signing the informed consent document, electrodes were placed over the muscle of interest as follows: (1) conditions and the visual access conditions. All these models were within-subject analyses ( Table 1 ). The effects of visual access on the ball rolling frequency was assessed using applied Chi-square analysis. 
Comparison between stable and liquid load
The comparison between the stable vs liquid conditions did not indicate significant changes in the EMG, posture, or moment measures. Moreover, there were no differences in the lifting duration due to either the visual access or the load stability. 
Comparison between stable and potentially unstable load (Lifts where the ball did not roll)
The potentially unstable load (i.e. non-rolling condition) had a significant effect on lifting duration in which the non-rolling trials took 6.5 percent longer to complete than lifts that were known to be stable (p<0.05). Further analysis showed that the time difference was due to the horizontal velocity of the box during the second stage of the lifting task, which was defined as the box movement in the transverse plane. On average, subjects moved the box horizontally 11 percent faster when lifting the stable load compared to the potentially unstable load (p<0.05). The load stability also affected the Avg90 and Max90 muscle activity levels in the left biceps and right anterior deltoid.
Both muscles had a reduced response to the conditions when the load was potentially unstable (Figure 4 ). No differences between these stability conditions were found in either the kinematic or the moment data. 
Comparison between stable and unstable load (rolling ball)
The unstable load significantly increased thoracic lateral flexion by 2.8 degrees (p-value <0.05) in the AvgP analysis. It also significantly increased the lifting duration by 6.6 % (p-value <0.05). However, no load stability effect on muscle activity was found in stable vs rolling condition comparison for the Avg90 or the Max90 data sets.
Visual access had similar effects on the Avg90 and Max90 analyses when comparing muscle activation levels in stable vs unstable load lifting tasks. The covered box significantly increased the muscle activities in the left biceps, both anterior deltoid and both erector spinae muscles ( Figure 6 ). When analyzing the result for rolling cases only, this analysis of the rolling cases also showed that visual access (i.e. the box was not covered) reduced the responses in all the muscles on the left side (p<0.05). 
Interaction Effects
In this study, there was very limited interaction between visual access and load stability. Only one significant interaction effect was found and this was for the right erector spinae when comparing the lifts of stable and liquid loads. Muscle activity in the right erector spinae showed no difference between the stable and liquid loads when subjects had visual access to the load, however, the right erector spinae showed more activity in the stable condition when the box was covered and the subjects had no visual access.
Discussion
The general hypothesis that lifting an unstable load without visual access during the lifting task would increase the biomechanical loads experienced by the lifter was only partially supported. However, the results indicate that an interesting relationship exists between visual access and the potential for load instability.
Comparison between stable and liquid
Contrary to our hypothesis, the current study did not show a significant difference in muscle activity or other biomechanical measures when lifting stable versus liquid loads. This is in contrast to a similar study that found that a liquid load significantly increased muscle activity in the erector spinae and external oblique muscles during the second phase of their lifting tasks (Pinto, 2013) . Potential reasons for the difference could be: 1) the container used in the current study was of limited size (40×25×30 cm), and was not directly filled with liquid. Instead, the liquid was kept in two bags, which were then placed in the container. This could reduce the potential for the water to shift during the lifting task; 2) the lifting task in this study required the container to be moved vertically from floor level to hip level, whereas Pinto's study required only horizontal movement of the container. There was less potential for the water to shift during the vertical component of the lifting task.
It was found that visual access increased the twisting and lateral bending of the spine and also increased lateral flexion moment acting on the spine. When the two bags of water were visible, the participants seemed to adopt some behaviors that afforded better control the load and reduce the potential of load shifting.
Given the limited ability of the liquid to shift within the container it is not surprising that no significant differences were found in the muscle activities when comparing the stable and liquid lifting tasks. However, the interaction effect, where the covered box led to significantly higher right erector spinae activity when the stable load was lifted could reflect the uncertainty that the participants had when lifting the liquid.
Further study is needed to understand the basis for this interaction effect.
Comparison between stable and non-rolling
Compared to the stable and rolling load conditions, the non-rolling conditions could be considered a special situation in which the potentially unstable load remained "stable" by the subjects' active effort to control the load's stability. Thus, it was defined as a separate load stability condition in this study where it was found that lifting these potentially unstable loads led to higher muscle activities in the left biceps and the right anterior deltoid muscle. Given that the experimental task required subjects to lift the box in front and place it at hip level on their left side, increased activation of these muscles during this asymmetric lift could help keep the box level during the asymmetric lifting task. It was surprising that the trunk muscles were not found to differ in their response across these experimental conditions, as we had hypothesized there would be increased cocontraction of the trunk musculature to further maintain a smooth and stable movement of the box. However, it was found that the duration of the lifting task, or more specifically the duration of horizontal movement of the box for unstable load lifting, was longer compared with the duration during the stable load lifting task. This difference in lifting time could potentially explain the absence of a load stability effect on relevant measurements in this study. If we considered visual access as a type of warning signal, Mawston's (2007) study, which assessed the effects of a warning signal prior to a sudden loading event occurring during a lifting task, found that a warning signal did not alter the level of trunk muscle activity prior to the sudden loading, although it did reduce the response latency. Lavender et al. (1989) reported decreased peak activities in erector spinae muscles during a sudden loading even as the amount of preview time prior to a sudden loading event increased from 100 to 400 ms. It should be noted that in both of these sudden loading studies participants would likely have some expectation of the load change regardless of the presence of a warning. In contrast, in the current study the sudden shift in the load due to the ball rolling within the box did not always occur. Even so, we found a similar beneficial effect of visual access on muscle activities when handling the potentially unstable load.
Comparison between stable and rolling
The comparison between the stable load condition and the condition where the ball rolled showed no differences in the muscle activities. In a former study, it was also found that unstable loads had no effect on the agonist muscle activity when the subjects lifted at their preferred pace (Pinto, 2011) . However, in Pinto's study (2011), unstable loads did increase the muscle activity in the erector spinae and external oblique muscles when subjects were required to lift at a fast pace. In the current study, the lifting speed was not controlled, therefore we could assume participants lifted at their preferred pace.
The unstable loads did result in slower lifts as the total lifting time was increased, which could have masked the effect of load stability on muscle responses. A cursory analysis on the vertical acceleration of the box at the beginning of the lift did not reveal any differences in the speed of box movement and, therefore, suggests the additional time when lifting unstable loads in this study was associated with the lateral motion of the box and its placement on the stool. conditions the subjects could only anticipate the range of load weight. In Looze's study, it was found that 'unknown' load weight significantly increased back muscle activation and peak L5/S1 torque. Similarly, in Heiss's study (2001), subjects were asked to lift similar weights that immediately followed with a lighter or heavier load. It was found that overestimation of the load weight could increase peak lumbar extensor moments. The result from previous studies suggested the necessity of knowledge about load weight as well as the potential for load weight change. In the current study, especially for the rolling conditions, lower muscle activity in those trials with visual access suggests that when lifting unstable loads, having visual access, for example by a translucent container lid that provides visual access for the lifter, could possibly help reduce the muscle response, the development of fatigue if this is part of a repetitive task, and the potential for muscle injury.
Comparison between non-rolling vs rolling
When lifting an unstable load (in the current study a bowling ball in a box), whether or not it rolled, visual access reduced the activity in several muscles (left bicep, anterior deltoid (L&R), erector spinae (L&R), and left external oblique). These findings are consistent with prior studies showing reduced muscle activity when a sudden load could be seen before it was experienced (Marras et al., 1987; Lavender et al., 1989) .
At the point of the lift initiation, the loads had the same degree of instability, subjects lifted at the same speed and there was no lift duration difference between the rolling and non-rolling conditions. When the load did shift, it significantly increased the activation of the right biceps and the right anterior deltoid muscles while at the same time decreased the activation of the left (and right) external oblique muscles. This finding is consistent with a former study, that found that lifting an unstable load significantly increased the muscle contraction level in biceps and erector spinae (Lee & Lee, 2002) . It suggests that when handling an unstable load, the load imbalance generated by the load shifting could increase the exertion in agonist muscle groups. As for the reduced external oblique activity in the ball rolling condition, it could be that in the non-rolling trials the subjects recruited the external oblique muscles to a higher level to enhance the stability, thus generating a "non-rolling" result.
There are several limitations in this study. 
Conclusion
The hypothesis that lifting unstable loads would increase activities in certain muscles such as biceps and anterior deltoid, during a lifting task was not supported.
However, this study did find that when handling an unstable load, being able to see the load reduced the load shifting possibility and the magnitude of the muscular responses. This indicated that in industry, it might be beneficial to use containers with transparent covers where loads could possibly shift inside. These covers would allow workers to see the contents inside which could reduce the physical demands and the potential for musculoskeletal disorders.
